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THE EPPECT OF VEGETATIVE EVAPORATION ON THE RATE OF SEASONAL TEMPERATURE CWANQBS.1 

By RUY FI. FINCH, Meteorologist. 

[Dated: Weather Bureau, Washington, D. C., June, 1919.1 

BTNOp819. 

Data am $ r e m  showin that the evaporation of water transpired 
from vegetation cause8 asefinite local cooling. An attempt to show 
thst vegetative eva ration affects large areas is made by comparing 
spring average d a i r t e m  erature curves of continental stations in 
arid and humid reg.lons. $our figurea are given showing a flattening 
in such curves for the stations in humid .regions wit.h leee flattening. 
or none at all, for the stations in arid r y m .  It is pointed out that 
several factors, among them the contm of weather by HIGHS and 
LOWB, tend to obscure departuree from a smooth curve caused by 
veptative evaporation but the evidence aeems to indicate that vep- 
tauve evapomtmn hae an appreciable effect. 

The effect of temperature on vegetal growth is well 
known but that vegetal growth, in turn, affects air 
temperatures has not received much attention. When 
one considers the immense quantities of water trans- 

ired from succulent plant growth and the amount of 
[eat rendered latent by its evaporation he can not but 
be impressed by the thought that this phenomenon 
must have some appreciable effect on air temperatures. 
Quantitative values of the coolmg effect due to ve eta- 
tive evaporation over large areas are not easil Eter-  
minable, for they are obscured by varying rain T all, soil 
moisture, and exposure to sunshine; by atmospheric 
circulation in HIQHS and mws; by vanability of the 
seasons; and by all the effects of radiation and absorp- 
tion. 

It was found by Darwin' that the difference in tem- 
perature between two leaves-ne freely transpiring 
and the other not at all-may amount to 1.5' C. Were 
it not for the fact that vegetation is a much better ab- 

"In some of the small grains the energy dissipated 
throu h trans iration is twice the amount received 

too, that parts of most lants are shaded during a con- 
direct fi y from t 7l e sun."' It should be borne in mind, 

siderable portion of the % ay. 

!The author @ indebted to Dr. W. J. Hum s for asslstsncs in the selection of 
th lscblem for i.nvestipstlon and for many h e ~ c c i t i e i - .  
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% T Brown Fixation of Carbon by Plants Nature &pt. 14, 18110. 
1 Am multa bp.unpublIebed, but authorld to quok wen. 
6 p7 J. Bri&?a an H L. 8bWtr. Jour. A@. da., vol. i,bo. 4, 1910. 

1 1917. 

The loss of heat varies, of course, with the amount of 
water evaporated. The quantity of water transpired by 
many different lants is given bi nearly all good textbooks 
on Botany or 8 m t  Physiology. The daily transpiratiqn 
of 22 of our common crops has been determined by Briggs 
and Shantz.' Accurate melLsurements of the amount of 
transpiration over lawe forested areas have never been 
made, though the estimates of m y  independent 
observers show very close y m e n t .  ' a 8  The evapora- 
tion from a single, small, is0 ated tree in the coume of a 
day amounts, in many instances, to well over 36 kg. of 
water." The heat required to produce this evaporation 
exceeds 20 million gram-calories. If this heat consu 
tion were applied to cooling air it would reduce by 1 3 1  
the temperature of 80,000 cubic meters, equal to a column 
1 km. h g h  over an area of 80 square meters. One could 
not take this as a basis and by counting the number of 
trees in a unit forest area fhd  the total cooling effect for 
such an area because under the same condition of soil 
moisture a tree in the forest will not evaporate as much as 
an isolated tree in the open. A wind that blows past such 
a transpiring t,ree, or other surface has just come from, 
and immediately passes on to, other transpiring areas 
( a c e  t at  the border between ve etated and nonvegetated 
areasr so that its humidity isaigher and tern erature 
lower than the normal for air over nonvegetate R land at 
the prticular locality. With ve etal covers of widely 
va ing water requirements win d s lessen marked local 

a mixing of the air, resulting in more uniform tempere 
tures over different areas. 

The question of the effect of vegetative evaporation on 
air tem erature has been discussed by Ney,lo who sus- 

theoretical values that are rather startlin though com- 
putation shows that they hold for about a fi moist regions 
of the temperat,e zones and are much smaller than ma? be 
found over large sections of the eastern part of the Umted 
States that are well covered with vegetation. He com- 
put,ed that they average heat loss by evaporation in one 
day during the growing season from an area of 10,000 
square meters (2.47 acres, 1 hectare) covered b some 

coo Y ing over the more rapidly transpiring areas and cause 

pects t. R at  it has an appreciable effect and gives some 

ty ical plant growths would reduce by 1' C. tlie fo T lowing 
vo P umes of air: 

Cubic melm. 
Pine fore&. . . - -. . . . . - - . . - . . - . . . . - -. - . - . . . - . . . . . . . . . . . . . 12.000, OCO 
Grain (wheat, rye, stc.) .._. . . . . . . . . . . -. . . . - -. . -. . . . . . . . . 35. COO.000 
Meadow (timothy, clovers, etc.).. . . -. . -. . . . . . . . . . -. . . . -. . Sl. 0CO.CC.O 

At t.he time of maximum transpiration theue valum are gre:i.tly 
exceeded. 

Of the three eneral classes indicat-ed above, grasses 

pine forests tlie least. &st broad-leaved trees, however, 
transpire several times as much water as conifeml* 

The eva oration from the ground itself is, of course, 

long as the soil is very moist. Ne computed that thc 
evaporation from the ve etative su F9 aces for the time and 

many, 4 grams of water more per day over 1 square meter 

and clovers are ts Q e most otent dessicators of the soil and 

considerab f) e and increases with increase of temperature so 

conditions mentioned a Q ove averages, for western Ger- 

8 L. J. Brlggs and H. L. Yhantz. Jpur. Aqri. Rro., vol. 7 No. 4, 1816. 
7 Raphael Zon. Forestsand Humihty, Sa., p. 133, Jul lb 1913. 

Ebermsyer. Die physlltahschen E1nwirkunge.u des kafdes, ate., Aschaffenburg, 
1<71 s m _. .-. -. --. 

3 Vegetable Physiolo y; Green, p. 91; Plant Physiology; Duggar, p. 87, etc. 
lOC. E.  Ney. Md. &tl Dec l a ,  p. 445. 
11 Alfred Biirgersteln. aie Trhpiration der Pll8nze.11, Jma, 1904, p. 64. 
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continental arid and humid regions liavin t.he same frost- 

what smoothed curves of the aver e daily temperatures 

May 31.13 (The average date of the last killin frbst is 

Both curves show n flattening about the lnst of April, 
while Columbia on1 .has a pronounced change in slope. 
The flattening a t  dlumbia persists until Ma 7, while 
the temperature at  Pueblo rises rapidly from g a y  1. A 
large part of the curious cool enod about the last of 
A ril at  both stations is undou % tedly due to the effects 

would 1e.sse.n. The data upon which the c.urves are baaed 
are for the 30-year eriod ended 1918. Most of the 

and occur a day or so earlier in the western (mi ) than 
in the eastern (humid) regions, which is t.0 be ex ected if 
the ii-regularities are due to the movements o P certain 

Pueblo, Colo., R R ~  considerable rainfall, and consequent.Iy som6 vegetd 
growth during bhe time covered by the curves and it is 
natural to suppose that the difference in the slope of the 
two curves is not as great tls it  would be for two stations 
having a greater contrast in rainfall and vegetation. 

temperature 

(arid) ,fromMwch 16 to April 23. based on 23 and 31 years’ 
record, respectively. The average date of the last kill- 
ing frost for both stations is about March 29. The flat- 
tening in the Birmingham curve from March 29 until 
April 8 is very ronounced while El Paso shows an. dmGt 
steady rise. &e slope of the curve for Birmiiham from 
April 9 to April 17 is steeper than for El Paso for the 
same period, which would be antici ated since the normal 

also the norm3 rainfall for Birmingham decreases quite 

less period were compared. Figure 1 s % ows the some- 

of Columbia, Mo., and Pueblo, Coo., 7 
about April 21 for Columbia and a little later for % ueblo.) 

o P HIQHS and LOWS, which a very long record probably 

Barallel 
marked irregularities P or all stations studied me 

from April 12 tp 

articularly effective HIGHS and LOWS. 

Figure 1 shows also the smoothed dail 
curves for Birmingham, Ala. (humid), an c9 El Paso, Tex. 

rise for Birmin ham has been chec K ed for so long a time; 

r1 
latter part of March. This  lo^ con- 

and subsequent recovery, similar to that 
sout,hern stations, somewhat obsc-, 

with only moderate smoothing, the change in 
slope of the curves that is so pronounced for more 
northern ststions whose records were studied. 

Figure 1 shows further the mean dail temperature for 
Springfield, Ill., and El Paso, Tex., from&arch 1 to July 1. 
The. rate of rise for Springfield is quite uniform until the 
last of April, when an abru t change in slope, shown by 
t.he dotted line, occurs. & such change occurs in the 
curve for El Pnso; in fact, the slope increases slightly 
after the curious cool spell of April 28 to May 3. The 
original curve for S ringfield shows a flattening during 

after the cool s ell above mentioned it is somewhat ob- 
scured. The oEange in slo e at most of the other sta- 

similar and about of thc same order of magnitude as that 
shown by Springfield. 

As further evidence that, t,he change in slo e, however 

growth of vegetntion the curve for Columbus, Ohio, 
w-hose frostless period. begins a little later than at 
Springfie.ld and Columbia, is giwn (fig. 1) and cornpcrred 

the first few days o P May, but as it occurs immediately 

tions (see, Table 1) in humi B regioiis that were studied is 

modified by dher  factors, is largely depen B ent on the 

______ ~- 
l a  The unsmoothed ~al l ies  lor these curves were obtained as lolloiVS: The ave.m&W 

of the maximum 3nd minimum temperatures on Apr. 12 lM was added to that for 
Apr. I?, 1RQ0, ete. . . . Apr. I?, I O i s .  and the total diridcd by h. The same was done 
for all the Apr. 13th. et?. No attempt was made to smmth the data by harmanlc 
analysis 01 by other artificial means t : ~  hriug out any pemliarities in the CURIES. It 
is unc~rthn how deviations from 3 smnotb harmonic i’ur~e should be interpreted. The 
curves and the disruwon mav speak for themselves. Even thoiyh they ran pmvlde 
no positive proo/ that the rooflng eRwt of ve,getalivc evnporatioii 1s responvble for an 
appreciable part of !he temperature de ressums cited, the curves, nevertheless, sra In 
accord with what nught be e+pected.-~nrroB. 
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with Amarillo, Tex. The ronounced change in slope 

ated from a consideration of the difference in the 
gostless period, than at Columbia and Springfield. 
Both curves show a change in slope, though that for 
Columbus is the more pronounced. The normal rainfall 
at Amarillo increases quite ra idly during the latter 

at  Columbus appears later, i y about the interval antici- 

part of April and the first few s ays of May and during 

evaporation), no pronounced cha e in the slope of the 
average dail temperature curveyue to the approach to 

time in June, whereas all stations in humid regions that 
were studied, escept for a few mountainous ones with 
short records, show a pronounced chan e in slope within 

espected change in slope during June is shown in figure 1. 

the seasona P maximum would be expected until some 

30 days from the date of the last k 5l ing frost. The 

the month of May has practically the same rainfall as 
Columbus. The transpiration from the grass and other 
vegetation in the Amarillo region is considerable during 
the time covered by the curves and the sli ht difference 

prising. Fh e record for Amarillo was used because of 
the scarcity of suitable stations in arid regions that have 
sufEcient1 long records. 

From t z eoreticd considerations, maximum insolation 
being received about June 21 and the further rise in 
temperature resulting from lag (neglecting vegetative 

in the slo e for the two stations is there P ore not sur- 

Table 1 gives the approximate average date of the last 
inning of the vegetative 
the noticeable change in 

curve for some of g e  
of 20 years or more. 

Agreement with the above finding is shown in some of 
the many temperature curves drawn by van Rijckvorsel,15 

14J. B. Kinrer. Relation hetween Vegetative and Frostlesr Prsiads, Mo. WLATarn 

1) E. Van RiJckrorsel. Iimstantautretende Seeundllre M&IM und Mlnhn. Fint 
REV., Frb., 1919. 47:IW. 

part, 1905. 
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...-__ 

Approsi- 
inate 

average 
dsteol 

last MI- 
ing frost. 

Lacrosse Wis .......................................... May 5 
HarrLsbu&, Pa .......................................... Apr. 29 
.Columbus. Ohio ......................................... Anr. 30 

though the majority of the stations studied by him are 
not adaptable to this discussion on account of not having 
typical continental locations. 

TABLE 1. 
. -- 

Approsi- 
mate Begin- 

awroge ning 01 
date or notire- 

oKFgc- cliangc 
taliye in slopc. 

period. 

he 'imine able 

--- 
Apr. 11 Mav 25 
Mar. 23' Mal G 
Mar. 21 May 7 

Station. 

Mav 1 
Api. 31) 

( 1 )  
A r  P 

Rs1eigh.N.C; .......................................... Apr. 4 
Amsnllo Tex ........................................... Apr. 23 

K ringfield, Il l . .  ........................................ Apr. ?S 
&lumbia, Mo.. ........... _r.. ....................... .._I Apr. 20 
Pueblo, Colo.. ................................. .........I Apr. 30 
LexinEton, Icy ........................................... Apr. 19 

&r: 15 
Apr. 27 

Mar. LV 
Mar. 19 
Mar. 2F, 
Mar. 12 
Feb. 11 
Mar. G 

I No change. 2 Always 1 3 O  or above. 

Atmospheric circulation in HIGHR and LOWS trans ort 

sign on the same day for severa years the effects of 
eva oration are obscured. In  any event, the evaporative 

any single spring. Arid regions on account of less 
cloudiness receive a greater amount of heat during the 
de than do humid regions but, on the other hand, they 
ra&ate more rapidly at  ni h t  and, except for the more 

the time involved greatly exceeds that of the night, 
these differences, presumably, roughly com ensate one 

of the air and with d1 the effects result,ing therefrom 
tends to lessen the variabilit of temperature in humid 

evaporated a t  the time of maximum over any area well 
covered by vegetation is comparable to that from a 
water surface of the same area. As would be espected, 
therefore, the curves in humid regions are, as a rule, 
much smoother than in arid regions. 

The distinct flattening so prolonged as that found at  
'some stations was not expected and i t  may he that other 
factors were additive to the effect due to vegetative 
evaporation.16 The seemingly premature. falling off in 
the rate of temperature increase in humid continental 
interiors is what was expected would he found, and the 
evidence (in the light of the known absorption of heat by 
evaporation) that in such regions.it is largely due to 
vegetative evaporation seems quite conclusive. 

tem eratures varying widely from day to day and w z en 
mar R -ed departures from the avera e occur with the same 

coo f ing could not be c.learly discernible in the records of 

northern stations where t f e length of the day during 

another. Vegetative evaporation increases t R e humidity 

regions from day to day. J he amount of water thus 

gl 

NOTE ON EVAPORATION ,FROM RESERVOIRS.' 

The report of t,he committee of the Pacific Coilst 
Electric Light and Power Association appointed for t,he 
collection of data on eva.porn.tion from reservoirs hns 
recently been submitted. I t  contains a brief general 
discussion by the chairman, E. J. Crawford. and is 
accompanied by papers on the subject! of evaporation 
from by C. H. Lee, C. E. Grunsky, and 
N. W. Cummings. 

In  the report of the chairman it is noted t,hat evnpo- 
ration is apparently less variable than other meteoro- 

18 For examole. an iucrease in ciimuliis rloiids a oiild de!ay the rise of thr temperatiire 
curvi in YpriIig.-EDlTOR. 

IReport of subcommittee of the Pacifir Coast Electric Light and Power AssTLation 
for Collection of Data on Evaporalion from Reservoirs, presented at meetlng in Sail 
Francisco Feb. 18 1921. 

Already published, or to be published, in the Jouml  of Eleetrlrily. 

logical phenomena, such as rainfall and tem emture, 

a reservoir occurs during the summer months. 
Mr. Lee concludes that the evaporation from a water 

3urface or from a floating an is about two-thirds that 

for purposes of the hydraulic engineer, Abating-pan 
evaporation observations, if properly made, an the most 
reliable for reservoir calculations, and a list of precau- 
tions which should be observed in obtaining such recorda 
is given. 

The pan should have a surface mea of at  least 9 s uare~ 
feet and a depth of about 12 inches. It should belully 
protected from splash by means of a raft, or otherwise. 
The water in the pan should be kept clean and at  a level 
approximately the same as that, of the surrounding water, 
and it should be located in deep water and a t  a sufficient 
distqnce from the shore line or other ob,ects to insure 
normal wind and humidity conditions. Nothing is given 
as to the effect of the raft in breaking upstream-line 
flow of the wind, and prevention of the formation of a 
normal mpor blanket over the floating pan; such as 
probably esists to some extent at  least over the free 
water surface. 

Mr. Grunsky points out, as others have done, that the 
controlling factor which influences the rate of evapora- 
tion from an open body of water is temperature. An 
empirical formula is given for calculating evaporation in 
terms of temperature 'alone. This discussion seems to 
require the qualification that while the evaporation rate 
from a given body of water may be expressed fairly 
accurately, at least as a function of temperature, yet the 
relation determined for one locality may not, and gen- 
erally will not,' apply with equal accuracy to another 
location. 

Mr. Grunsky point,s out that in determining the prob- 
able loss which will occur from a proposed reservoir 
through evaporation, present existing data must, in 
eneral, be depended upon, since the actual loss can not 

f e  measured by pans or other methods until the reservoir 
is constructed. This observat,ion su est,s the importance 

oration loss with the factors by which it is controlled, so 
t.hat it  may be possible either to calculate evaporation 
from esist,ing and widely distributed meteorological data, 
or so that rational corrections can be made to existing 
ev,aporation records so as to render them applicable to a 
ptlrticular location. 

Mr. Cummings takes up the problem of determining 
evaporation losses from a heat balance equation. Theo- 
retically, evaporation loss during a given time-interval 
can be measured through the amount of heat lost by 

If, therefore, the heat supplied 
to the water during the interval, the gain or loss of heat 
stored in the water, and the loss of heat through r a d b  
tion, conduction, or other processes than evaporation, 
are known, the heat consumed in evaporation and the 
eva.poration itself can be determined. Practically, data 
for such calculations are almost wholly wanting. 

The problem of determining evaporation from a heat 
balance equation has recently been discussed in a pub- 
lished paper by Angstrom, in which such data as are 
at  present available for determination of the various 
factors in the heat balance equation are presented.' It 
is unnecess?ry, therefore, to review Mr. Cummings's 
paper, c.overing similar ground, at  length.-R. E. H. 

a.nd that the larger portion of the evaporation P ow9 from 

from a land-esposed burie R pan. It is his o inion that 

These include the following: 

of further development of methods o !f correlation of evap 

. evaporative processes. 

I hgstrijm, .\ndprs: Ap lications of h a t  radiation measurements to the problems 
of the eva ration from Ial!~?es and the heat cohvectlon at their surfaces. Gwrafika 
annalrr, 1% H .  3. 


